Novel crops for energy production are perceived as a promising option for promoting biodiversity in agrarian landscapes. The biodiversity effects of three novel energy crops on the composition of the carabid beetle and arachnid assemblages at two sites in Northeast Germany were investigated and compared to maize. Species diversity was calculated using different diversity indices to illuminate three aspects of biodiversity: infrequency, heterogeneity, and the dominance structure of the species composition. We also calculated the diversity of habitat preferences of these two animal groups. The number of species and the biodiversity were highest in energy crops and lowest in maize. The vegetation structure explained >50% of the variance in species data. We concluded that the biodiversity effects of the novel energy plants can be attributed to the increased complexity of the vegetation structure. The investigations confirmed that the novel energy plants can contribute substantially to enhance the biodiversity of invertebrate assemblages in biomass feedstock cultures.
Introduction
The increased cultivation of energy plants in recent years is generally assumed to involve decreased biodiversity in the agrarian landscape (Pereira et al. 2010; Robertson et al. 2012) . Tscharntke et al. (2005) state that the intensification of land use has led to a worldwide decline in biodiversity. However, the European Union (EU) directive for promoting energy production from alternative resources sets the goal that in the EU, 20% of total energy consumption should be provided by renewable energy by 2020 (EU 2009 ). Pedroli et al. (2013) concluded from the literature and case studies performed in six EU countries that this directive will lead to an increased conversion of pristine areas into arable fields for energy cropping and the planting of monocultures and may consequently result in a significant decrease in biodiversity. Recent studies proved that the loss of species richness impairs ecosystem functions, e.g. freshwater nutrient cycling (McIntyre et al. 2007 ).
Opponents of bioenergy cropping complain about the accompanying increasing monocultures associated with maize and winter oilseed rape (Brassica napus L.) cultivation, the increasing use of pesticides, soil degradation, and the reduction in fauna and flora (Karpenstein-Machan 2013) . Because of its high yield, maize is currently the crop most frequently grown for biogas production (DBFZ 2012) . Moreover, it is the second most cultivated crop plant in Germany (DMK 2014) . The cultivation area of maize in Germany increased from approximately 56,000 ha in 1960 to 2.57 M. ha in 2014 ( [DMK] Deutsches Maiskomitee 2014) . This biased and regionally unbalanced increase in maize cropping has resulted in skepticism from the public toward energy cropping as being potentially competitive to food production. Moreover, the cropping of maize requires an intensive use of pesticides (Altieri 1999) . In a study of the impact of Bt-maize on arthropod predators in Spain, Poza et al. (2005) found that the Anthocoridae were reduced temporarily, but no effect was detected for other arthropod predators. In another study on the impact of conventional and Bt-maize on mainly predatory arthropods, Farinós et al. (2008) found a reduction in species richness of rove beetles in maize treated with the neonicotinoid imidacloprid. It remains open whether intensive pesticide spraying affects herbivores that are active on maize plants. Herbivorous arthropods have great importance as prey items for predators (ants, spiders, and birds) and hosts for parasitoids (Büchs 2003) . Köhler (1998) emphasizes that the number of individuals of herbivorous species increases when more extensive management (no herbicides and no fertilizers) is performed. However, energy cropping offers numerous chances for increasing biodiversity, e.g. growing in mixed cultures with other crops, the combination with crops for food production within crop rotations, and the use of perennial cultures or short-rotation coppices (SRCs) (Karpenstein-Machan 2013) . Tilman et al. (2009) stressed that the positive effects of energy cropping, e.g. the reduction of greenhouse gas emissions and the maintenance of biodiversity, could only be effective if existing conflicts and risks are considered in the design. Recent years have observed support for the cropping of alternative, novel energy plants that combine rather high methane yields with properties that will enhance biodiversity (Dieter 2014) . Karpenstein-Machan (2013) proposed integrative cultivation concepts for food, fodder, and wildlife. Following these concepts, annual crops for food, feed, and energy are cultivated in a conventional way. The crops are rotated within a period of at least 3 years with the objective of maximum yields. The fields of annual crops are framed by wildflower strips that are not sprayed with pesticides. These wildflower strips would increase the biodiversity of flora and fauna and should reduce pesticide use on the commercial crops. Furthermore, the flowers can be harvested and digested in a biogas plant or remain as straw in the strips. The mixtures of maize, winter triticale, and winter rye as crops for energy production are integrated into the food and fodder crop rotation. An integration of novel energy plants into this crop rotation is also conceivable. One of these novel energy plants is the cup plant (Silphium perfoliatum L.). It is a perennial plant with high yield and may grow for up to 15 years at the same site. Thus, annual plowing may be omitted, and the use of pesticides is limited to the year of planting. The flowering time lasts from the middle of June to the end of August, a period when honeybees usually do not find enough nectar. Another novel energy crop is the very richly structured Szarvasi grass (SZ).
Currently, only a few empirical results on the impact of novel energy plants on biodiversity have been published (Pedroli et al. 2013; Emmerling 2014; Meyer et al. 2014) ; moreover, the effect on the biodiversity of carabid beetles and arachnids has been sparsely investigated.
Within a research project of the University of Trier, the soil ecological impacts of novel energy plants (cup plant, SZ, and wildflower mixture [WI] ) have been investigated and compared to maize since 2011 (Felten & Emmerling 2011) . The initial results showed that in soils cropped with novel energy plants, the content of microbial biomass increased by 30-50% compared to maize cultures. Moreover, significantly more species and individuals of earthworms occurred compared to maize (Felten & Emmerling 2011; Emmerling 2014) . To date, only Pedroli et al. (2013) and Meyer et al. (2014) provide empirical results for the effects of novel energy plants on biodiversity. Incentive schemes for the cropping of novel energy plants are mostly based on expert opinions about the biodiversity effects of different alternative crops (e.g. substance classes for application).
The potential of novel energy plants for the promotion of biodiversity was investigated in the framework of the joint research project 'Development and Comparison of Optimized Cultivation Systems for the Agricultural Production of Energy Crops under Different Site Conditions in Germany' (EVA, Phase III) (FNR 2015) in a 2-year field study in two different cultivation regions in Germany. In 2013 and 2014, two fields at the sites Ostprignitz-Ruppin (OPR) and 'Uckermark' (UCK) were investigated, and the novel energy plants cup plant (SI), SZ, and a WI were cultivated in each case. On the fourth field, silage maize (SM) was examined as a reference crop. In this paper, the results from 2013 are presented. The investigations in the two regions were not designed as replicates but as a comparison of the effects of novel energy crops on both animal groups under different climates and soil conditions. The aim of these investigations was to determine whether biodiversity (species and habitat preference diversity) of the carabid beetle and arachnid assemblages was significantly higher in the fields cropped with novel energy plants than in fields of SM. We introduced formulae for calculating habitat preference diversity based on the established indices α, Shannon-Wiener, Evenness, and reciprocal Simpson. These indices allow a general view of the structural composition of carabid beetle and arachnid assemblages. The assessment of habitat preference diversity is based on the assumption that the number of species with different habitat preferences is positively correlated with vegetation structure diversity. Richly structured vegetation offers more different living environments, expressed by a mosaic of microclimates and patches of bare and overgrown soil for the carabid beetle and arachnid species. This variety enables colonization for species having more varied habitat requirements compared with a more poorly structured environment (Ysnel & Canard 2000; Schwab et al. 2002; Benton et al. 2003) . To interpret the expected differences, the impact of the vegetation structure (of weeds and cultivated plants) on species composition of both animal groups was tested. Based on the aims, we developed the following hypotheses: (1) the stands of novel energy plants will show a significantly higher vegetation structure diversity than the stands of maize, (2) species and preferred habitat diversity will be significantly higher in the fields of novel energy plants than they are in the fields of maize, and (3) the vegetation structure variables of the cultivated plants and the weeds will explain a large proportion of the variance in the species data of the carabid beetle and arachnid assemblages.
Location, soils, and climate of the sites
The investigation area Vehlow near Kyritz (52°57ʹ North, 12°23ʹ East) is situated in the district OPR in Northeast Brandenburg (Altitude: 40 m N.N.). The pending ground moraine is mostly covered with drifting sand. Soil types are sands to loamy sands with 13% clay. The predominant soil type throughout the plains area is gley. However, the water content is significantly altered by the deep receiving water (4 m below the ground). The soil quality (Ackerzahl) lies between 25 and 30.
The investigation area Parmen is situated in the district Northwest UCK at a slope of a summit of a ground moraine (100 m N.N.) with an incline of approximately 1.5%. Here, the soil types pallid soil and pseudo-gley are dominant, originating from strong loamy sands and loam of the ground moraine and the top layer, respectively. The soils have a quality (Ackerzahl) of 45. An outline of the long-term averages of temperature and precipitation is shown in Table 1 .
Management of the investigation areas
At both sites, the investigations were performed in the second year of standing of the perennial cultures. At OPR, all culture species were fertilized with digestate from the biogas plant. In the maize plot, urea was additionally applied as an inorganic fertilizer. At the UCK site, the energy plants investigated were also fertilized with digestate. In the maize cultures, urea and Kieserite served as additional fertilizers.
The mechanism by which the type of fertilizer directly affects carabid beetle and arachnid conditions is not known, but several investigations clearly demonstrate that organically managed fields (no pesticides and no mineral fertilizers) benefit carabid beetle and arachnid condition and numbers, respectively.
Materials and methods

Data collection
Carabid beetles and arachnids were collected at eight plots using five pitfall traps with an upper diameter of 6.5 cm each (Barber 1931) . The traps were placed in a straight line with an intertrap distance of 10 m and filled to one-third with a 4% formaldehyde solution as a preservation fluid. A detergent was added to the solution to reduce the surface tension. The investigation began on 22 April 2013 and ended on 10 October 2013. The traps were changed every fortnight and transported to the laboratory, where they were presorted to carabid beetles and arachnids, each of which were stored in 70% ethanol until they were determined at the species level. Carabid beetles were identified according to Müller-Motzfeld (2004) , spiders according to Heimer and Nentwig (1991) and Wiehle (1956 Wiehle ( , 1960 , and harvestmen according to Martens (1978) . The nomenclature of the carabid beetles followed Köhler and Klausnitzer (2014) , while for spiders and for harvestmen, Platnick (2013) and Blick and Komposch (2004) were used as standards for nomenclature, respectively.
At both sides of the pitfall traps, an area of 1 m 2 was established where plant species composition and vegetation structure were surveyed simultaneously with the changing of the pitfall traps according to the Braun-Blanquet estimation scale (Dierschke 1994) . In addition to the coverage of the single plant species, the vegetation structure variables height and coverage of the culture species and the cover values of the herb, grass, moss, and litter layer were surveyed. The percentage of bare ground was calculated as the difference between the total vegetation coverage and 100%.
Data evaluation
Species diversity was characterized by the diversity indices Alpha, Shannon-Wiener, Evenness, and reciprocal Simpson (Magurran 2009), each of which focus on infrequent species, hetero-and homogeneity of the carabid beetle and arachnid assemblages, and the proportion of highly dominant species to different extents. We chose this approach because each index emphasizes a different aspect of the quantitative and qualitative composition of the invertebrate assemblages (Table 2) . A joint interpretation of these indices will give a first impression of the dominance structure. Using the formulae [1]-[4], the diversity indices were calculated for habitat preferences, which may be taken as a measure of the number of potential habitats that may be occupied by species within the cultures. To calculate the diversity of habitat preferences, the number of species was replaced with the number of habitat preferences in the species diversity formulae [1]- [4] . Habitat preferences for carabid beetles were taken from the catalogue of the GAC (2009), while preferences for spiders and harvestmen were taken from Platen et al. (1991) . The diversity of vegetation structure was also calculated using the formulae [1]- [4] , except that the number of species was replaced by the number of structural variables (cover values of the elements of the vegetation layer and the height of the culture species). As an assessment criterion for the dominance of typical arable field species, we introduced and calculated the Arable Field Affinity-Index (AFAI) based on the Forest Affinity-Index of Allegro and Sciaky (2003) . Therefore, the degree of binding to arable fields of carabid beetle and arachnid species was divided into five classes: −1 = no occurrence in arable fields, −0.5 = bound to other habitats but also occurring in arable fields, 0 = eurytopic species, 0.5 = weak binding to arable fields, and 1 = exclusively in arable fields. The class values of the species were then multiplied by the relative activity abundances (n i × N −1 ) at every single plot and summed afterward. The result is the AFAI, which may take values between −1 = no arable field species are present in the plot and 1 = all species in the particular plot are arable field species.
Computer programs used were EstimateS (Colwell 2013 ), CANOCO v. 4.5 (Braak & Smilauer 2002 , and SPSS v. 22 (IBM Corp., Armonk, NY, USA).
Results
Vegetation structure diversity
The vegetation structure diversity indices for the plots and the two sites are listed in Table 3 .
The results demonstrate that the SZ plots at both sites (except for α) possessed the highest diversity values and consequently had the highest structural diversity. In all cases, the cup plant and the WI plots ranked second. The maize plots had the lowest diversity values and, thus, the poorest vegetation structure.
Biodiversity of the carabid beetle and arachnid assemblages
Alpha diversity
In total, 94 carabid beetle species including 35,077 individuals were found at both sites. The single numbers per plot, the diversity indices, and the AFAI are listed in Table 4 . For arachnids, 117 species with 31,749 individuals (111 spider species with 30,326 individuals and 6 harvestmen species with 1423 individuals) were caught (Table 4) .
At both sites, the highest numbers of species (with the exception of UCKSI) and the highest diversity indices were calculated for the most richly structured plots, the SZ and WI, while the lowest numbers occurred predominantly in SM. Notably, the AFAI, a measure of the number of typical arable field species, was maximal for carabid beetles in SM only at the UCK site. However, at both sites, the lowest AFAI was calculated at one of the richly structured plots (Table 4 ).
The effect of the vegetation structure on species composition Based on the redundancy analysis (RDA), the explanation of the variance in the carabid beetle species data by vegetation structure variables and the cumulative variance explanation on the first four canonical axes are listed in Table 5 . For carabid beetles, on the first four axes, 41% of the variance in the species data was explained, and seven vegetation structure variables explained a total of 52% of that variance. The height of the culture plants and the litter coverage had the greatest share, while the proportion of open, uncovered carabid, and the moss coverage contributed only marginally to the variance explanation.
The cumulative percentage variance and the total variance explanation by the vegetation structure variables for arachnids did not differ significantly from the values calculated for carabid beetles. In contrast, the litter cover had the highest share of variance explanation in the carabid beetle species data, while the open, bare ground had the highest value for arachnids. The coverage of the herb layer ranked Table 2 . Definition of species, habitat preferences, and vegetation structure diversity indices, with a description of the scope of their applicability. n i : number of individuals of a particular species; N: total number of individuals in a plot;p i : relative number of individuals of a particular species (ni/N); x: constant, which is calculated from the quotient S/N iteratively for every single plot; S: number of species; SHP: number of habitat preferences; HP: habitat preference; SVS: number of vegetation structure elements; vs i : relative number of cover values of a particular structural element (vs i /Covtot); Covtot: total cover value of all vegetation structure elements in a plot; vs: vegetation structure. Number of vegetation structure elements with a great number of high cover values second, while the coverage and height of the crop contributed less to the explanation (Table 5) . The relationship between the vegetation structure variables and the carabid beetle assemblage composition at the plots is shown in Figure 1 . The structure-providing variables -the cover values of the herb, grass, moss, and litter layers -were opposite to the poorer structureproviding variables -the coverage of the culture plant and the proportion of open, bare ground. Based on proximity to the first canonical axis and the length of the gradient, the litter cover had the greatest influence in species composition in the richly structured plots, whereas the coverage of the culture plant had the maximal influence in the poorly structured plots. In addition, the coverage of the grass layer had minimal influence on species composition (Figure 1) .
At the arrowheads of the vegetation structure variable axes, representing gradients, a number of characteristic carabid beetle species are aggregated of both richly and poorly structured plots. In quadrants I and IV, these aggregates include meadow and dry grassland species (Amara ssp. and Harpalus ssp.); in quadrants II and III, they include predominantly arable field species, such as Bembidion ssp., Agonum muelleri (Herbst), and Anchomenus dorsalis (Pontoppidan). The ordination diagram for arachnids ( Figure 2 ) presents a similar arrangement of the vegetation structure axes and the centroids of the plots to the one for the carabid beetles, but the distance between the plots is shorter in the diagram for the arachnids than for the carabid beetles (Figure 2) .
The cover values of litter and the crop had the highest impact on species composition, while grass and moss coverage had the lowest impact (Figure 2) . At the arrowheads of the structure-providing variables in quadrants I and IV, a number of lycosid spider species of the genus Pardosa and dry grassland species of the genus Xysticus are aggregated, while at the arrowheads of the less structure-providing variables in quadrant III, the aggregate includes arable field species among the linyphiid spiders (Agyneta rurestris (C.L. Koch), Bathyphantes gracilis (Blackwall), Oedothorax apicatus (Blackwall), and Porrhomma spp. (Figure 2 ).
Discussion
The results of our investigations showed a clear relationship between the vegetation structure and the composition of the carabid beetle and arachnid assemblages regarding species diversity. Plots with richly structured vegetation, especially the SZ and the WI, showed significantly higher values in nearly all biodiversity indices than the maize and cup plant plots, whose vegetation structure was more simplified. Thus, the richly structured plots possessed not only a higher species richness and a higher number of infrequent species (expressed by the α-value) but also a higher number of dominant species (expressed by the reciprocal Simpson Index) and, thus, a more balanced dominance structure compared to that in maize. Therefore, a positive relationship exists between higher species richness, habitat preference diversity, and vegetation structure. This relationship with habitat preferences primarily indicates that more richly structured vegetation provides more habitats for species with different ecological demands.
One may suppose that an additional risk of decreased biodiversity would result from the cropping of energy plants. However, many recent publications note that both the type and the extent of these effects depend on numerous factors (Dauber et al. 2010; Rowe et al. 2013) , including the design of the cultivation practices (Tilman et al. 2009 ). The effects on biodiversity also vary depending on the use-paths of the biomass. While the production of biodiesel fuel and bioethanol is based on the use of a reduced number of traditional crops (cereals, rape, and palm oil), the processing of biomass from biogas production provides numerous new options for diversification in agricultural farming. The use of wet biomass for biogas production allows a renaissance for the cultivation of perennial crops (e.g. clover grass, Miscanthus), the introduction of new crops (Sorghum, SZ [Elymus elongatus subsp. ponticus cv. Szarvasi-1], and the cup plant [Silphium perfoliatum]), and the cultivation of mixed crops (flowering mixtures and vetch rye). By comparing novel energy plants (amaranth, legume grass, and sun flowers) with maize and SRCs, Mast et al. (2012) found a higher species richness of carabid beetles in novel energy crop cultures. For arthropod assemblages, Meek et al. (2002) identified the reduced management activities (soil tillage, fertilization, and pest control) in perennial cultures as the strongest explanatory variable for the number of species diversity in field margins.
The impact of different farming systems on species diversity was investigated by Östman et al. (2001) . They compared the condition expressed by the fat reserves of four polyphagous carabid beetles caught in five farms that were organically managed and five farms that were conventionally managed and found that the condition of one species was significantly better in organically than in conventionally farmed fields, and the three other species showed a similar trend. Dritschilo and Wanner (1980) found twice the number of species and seven times the number of individuals on farms that were organically managed than on conventionally managed farms. In all field studies that compare organic with conventional farming, the organically managed fields were not sprayed with pesticides and no mineral fertilizers were used. Between these two measures, pesticide use seems to be the most responsible for the lower numbers of species and individuals. Basedow (1987) considers pesticides as the main factor responsible for the reduced numbers in species and individuals in conventionally farmed wheat fields. Additionally, an indirect negative impact may originate from the reduction of food supply (especially in Collembola, which is one of the main food resources for smaller carabid beetles and spiders), the reduction of phytophagous insects (Eigenbrode & Pimentel 1988) , and the reduction of weeds that cause the loss of food resources for polyphagous carabid beetles as well as the loss of shelter (Pfiffner & Niggli 1996) . On the other hand, organic fertilization may improve saprophagous mesofauna (Purvis & Curry 1984) and thus benefit epigeic predators.
Based on investigations made in meadows, Schwab et al. (2002) highlighted vegetation structure as a key parameter of biodiversity. Ysnel and Canard (2000) found no relationships between vegetation structure in hedgerows and the species diversity of spiders.
The impact of the vegetation structure on quantitative and qualitative features is also illustrated by the results of the RDA. In both animal groups, more than 50 % of the variance in the species data is explained by the vegetation structure variables. This value lies in the upper range of the values provided by Schwab et al. (2002) . The largest share of the variance in the carabid beetle species data is explained by the coverage of the litter layer that provides shelter, food resources, and overwintering habitat and the coverage of the crop plants, while the largest share of the variance in the arachnid data is primarily explained by the proportions of bare ground and herb layers that provide web attachment points for web-building species. Benton et al. (2003) emphasized the support of species and individual numbers as well as the nutrition supply for animals through structural diversity on different scales (landscape, farm, and field scale). On the field scale, the density and geometry of the crop species planting improve the nutrition supply for spiders (Harwood et al. 2001; Vickery et al. 2001) and increase the population density of carabid beetles (Thomas et al. 2001 ).
Büchs (2012) critically asks whether increased structure in crop stands will always have a 'beneficial effect' on species composition. He highlighted the problem that, depending on the size of the geographic range, increased structure will indeed increase the numbers of species in many cases, but this gain often means an increase in species with no identifiable preference to abiotic factors only. For instance, in dry arable fields, an artificially induced increase in structure will lead to a decrease in specialists adapted to dry and warm climates. He concluded that an ecologically meaningful assessment of the agrarian landscape cannot be based on species richness alone but must also consider the numbers of specially adapted species. For our investigation sites, we could show that the plots cropped with novel energy plants, and thus were richly structured, not only possess a higher species richness but also promote feeding and habitat specialists among carabid beetles such as Calosoma auropunctatum (Herbst), Carabus auratus (Linné), Dolichus halensis (Schaller), and Poecilus punctulatus (Schaller), but there were strong differences between the regions. This pronounced regionality will become important when examining the composition of the ecological groups. The regional differences can be attributed to the different species inventory, the site characteristics, and the shaping of the vegetation structure of the single energy plant.
Our investigations demonstrate that biodiversity in all the fields cropped with novel energy plants was significantly higher than in the maize fields. This finding holds not only for different aspects of species diversity but also for the preferred habitat diversity. These increased diversities are connected with the richly structured vegetation, especially in the SZ and wildflower plots. Analogous to the findings of Emmerling (2014) for soil mesofauna, we may say that novel energy plants with a complex vegetation structure can deliver positive contributions to the promotion of differentiated carabid beetle and arachnid assemblages. However, because of our preliminary results from a 1-year study, we are aware that our findings cannot be generalized or uncritically transferred to other regions or to cropping systems with different energy crops. 
